In trial 1, Coastal bermudagrass pellets were fed for 63 d to 21 growing rams of Barbados Blackbelly (B), Dorset (D) and Blackbelly • Dorset (B• breeding to determine the effect of breed on voluntary intake (VI) and total gain. Initially, each breed group consisted of seven rams with mean weights of 18.6, 31.0 and 26.4 kg, respectively. At the end of the intake and growth phase, digestibility, rate of passage and gastrointestinal tract (GIT) f'dl were determined. Chromium-mordanted fiber was used as a particle phase marker. Intakes during the digestibility-marker phase averaged 75% of the VI determined in the intake and growth phase. Breeds did not differ in VI, total gain or digestibilities of dry matter (DM) and neutral detergent fiber (NDF). Apparent crude protein ( 
I ntroduetion
Tropical breeds of sheep, such as the Barbados BlackbeUy, are an important source of food and income for people in developing countries with limited resources and tropical environments. Currently, the performance of the Blackbelly is of interest in the Southeastern United States where hot, humid weather poses a serious problem to market lamb production. Several studies have shown that the Blackbelly is heat-tolersnt, hardy and breeds out of season (Boyd', 1983; Goode et al., 1983; Shelton, a Paper no. 10543 of the Journal Series of the North Carolina Agr. Res. Serv., Raleigh. The use of trade names in this publication does not imply endorsement by the North Carolina Agr. Res. Sew. of the products named, nor eriticism of similar ones not mentioned.
2 Dept. of Anim. Sci. Received June 5, 1986 . Accepted November 16, 1986 . Crossing the Blackbelly with European breeds, such as the Dorset, has markedly improved reproductive performance and lamb survival. The physiology of the Blackbelly digestive tract has not been extensively investigated. However, since the Blackbelly evolved in areas where diets consisted primarily of low quality forages, one would logically expect that certain physiological differences of the digestive tract exist between Blackbelly and European sheep. Brasfield (1980) fed three forages varying in quality to Blackbelly, Dorset and Blackbelly x Dorset ewes. When data for the three forages were combined, voluntary intake and all digestion coefficients were significantly higher in the crossbred group than in the Blackbelly ewes. The crossbred ewes also had higher voluntary intake and lignin digestibility than the Dorsets. In studies involving cattle, zebu and(or) zebu crosses have reportedly had higher intakes and digestibilities of forage diets than European breeds (Ashton, 1962; Howes et al., 880 J. 1963; Vercoe, 1966; Karue et al., 1972) . It has also been suggested that solid particle rate of passage (Phillips et al., 1960) and rate of fermentation are faster for zebu than European cattle. Due to current economic conditions, ruminants in some areas are being forced to depend more heavily on grazed and harvested forages to reduce production costs. The importance of identifying those breeds of sheep that have a greater potential to utilize fibrous feedstuffs is readily apparent. The present study was conducted to compare ram lambs of BlackbeUy, Dorset and Blackbelly x Dorset breeding regarding voluntary feed intake, total gain, digestibility, rate of passage and gastrointestinal tract fill when forage diets were fed.
Experimental Procedure
Trial 1. Trial 1 was conducted to determine voluntary feed intake (VI), total gain, digestibility, rate of passage, retention time and gastrointestinal tract (GIT) fill in rams with widely different genetic backgrounds. Twenty-one growing rams of Barbados Blackbelly (B), Dorset (D) and Barbados Blackbelly x Dorset (BX D) breeding were weighed at approximately 115 d of age, randomly assigned to individual pens and allowed 14 d of adjustment to their environment and diet. Each breed group consisted of seven rams with average initial weights of 18.6, 31.0 and 26.4 kg, respectively. Rams were treated for internal parasites with fenbendazole 3 , and vitamins A (250,000 IU), D (37,500 IU) and E (5 mg) were administered by injection. Rams were given ad libitum access to Coastal bermudagrass pellets for a 63-d growth 3 American Hoechst Corp., Somerville, NJ. and intake period extending from June 22 to August 23. Composition of the pellets is shown in table 1. To maintain ruminal health and prevent wool biting, each ram was atso offered 300 to 450 g of long hay (medium quality orchardgrass) three times per week. Fresh water and trace mineral salt were available continuously. Rams were fed once daily and feed refusals were recorded three times per week. Body weights were taken at 14-d intervals and at the end of the growth-intake period. One B ram refused to eat the pellets and was removed from the study.
Following the growth-intake period, rams were placed in individual metabolism crates and allowed 7 d for adjustment. During this period, rams voluntarily reduced their feed consumption to approximately 75% of the VI obtained during the intake-growth phase, and intakes remained as such during the subsequent digestion trial. Following adjustment, feed, orts and feces were measured, sampled and composited daily for a 7-d period. Feed and ort samples were dried in a force&air oven at 56 C for 48 h. Fecal samples were mixed, subsampled and dried in a forced-air oven at 45 C for 96 h. All samples were ground through a Wiley mill fitted with a 1.0-ram screen and stored in air-tight bottles for later analysis.
Feed, orts and feces were analyzed for dry matter (DM) and N content (Kjeldahl method) according to AOAC (1970) . Neutral detergent fiber (NDF), was determined in these samples, and in vitro dry matter disappearance (IVDMD) was obtained on the pellets by methods outlined by Goering and Van Soest (1970) . Apparent digestion coefficients for DM, NDF and crude protein (CP) were calculated according to Harris (1970) .
At the beginning of the collection period, rams were dosed with approximately 8 g of chromium-mordanted (4.3% Cr) fiber (Uden et al., 1980) contained in two gelatin capsules. Fecal samples were collected before dosing and every 6 h post-dosing for 48 h and then every 12 h to 120 h. Fiber and fecal samples were prepared for marker analysis according to DeLaney (1980) and assayed for chromium by atomic absorption spectrophotometry 4. Concentration of chromium in the feces with time were then fitted to a two-compartment model with gamma 2 age dependency (Ellis et al., 1979) . Rate of passage parameters were estimated, and total mean retention time (MRT), ruminal retention time (RRT) and GIT fill were calculated as outlined by Pond et al. (1982) . The model, parameters and calculations were as follows:
where y=
initial concentration, fast rate (age-dependent passage parameter), slower rate (age-dependent passage parameter) and time delay (time from dosing until first appearance of marker in feces). MRT = 2/Xl + 1/k2 + td, RRT = 1/k2 and GIT fill =/Jg chromium dose/Cr Trial 2. Trial 2 utilized 19 of the same rams as trial 1 and was conducted to measure VI, digestibility, rate of passage, retention time and GIT fill when chopped orchardgrass-alfalfa hay (table 1) was fed in ad libitum amounts. Number of rams and initial weights (kg) were as follows: B, 5, 25.6; D, 7, 39.4; Bx D, 7, 35 .0. Rams were randomly assigned to individual pens and their intakes were recorded for a 26-d period extending from December 4 through December 30.
4Spectrophotometer, model 50OO, Perkin-Elmer, Norwalk, CT.
Fresh water and trace mineral salt were available continuously. Voluntary intake was based on feed consumed during the final 8 d of the 26-d period. After the intake period, rams were placed in metabolism crates and after a 7-d adjustment period, a digestion trial was conducted utilizing the same procedures as in trial 1. At the beginning of the fecal collection period, rams were dosed with approximately 7 g of chromium-mordanted (3.4% Cr) fiber (Uden et al., 1980) contained in two gelatin capsules. Fecal samples were collected every 4 h post-dosing for 36 h, every 6 h until h 60, and then every 12 h to h 132. Rate of passage parameters were estimated and MRT, RRT and GIT fill were calculated as in trial 1. Intakes during the collection period averaged 71% of the VI determined during the previous intake period. One Bx D ram was removed from the study during the digestion trial due to injury while in the metabolism crate.
The data from the two trials were analyzed separately by least-squares analysis of variance using the General Linear Models procedure of Statistical Analysis System (SAS, 1979)with breed as the main effect. When overall breed effect was significant, individual breed means were compared by t-test (Steel and Torrie, 1960) .
Results and Discussion
Voluntary Intake, Gain and Feed Efficiency.
Data on VI and 63-d gain of rams fed Coastal bermudagrass pellets are presented in table 2. Overall means for VI and total gain were 98.4 g/kg body weight (BW) "Ts and 2.8 kg, respectively. Breeds did not differ in these variables (P>.10). When feeding primarily concentrate diets, Goode et al. (1983) and Shelton (1983) have reported lower rates of gain and poorer feed efficiencies (Shelton, 1983) in straightbred and crossbred Blackbelly lambs compared with British and European breeds. The results of trial 1 of the present study are interpreted to suggest that such may not be the case when lambs consume a feed marginal in nutritive value during a hot, humid summer in the southeastern United States.
In trial 2 (table 3), B rams consumed more (P<.05) orchardgrass-alfalfa hay than did D rams, while Bx D rams were intermediate. In a previous study, Brasfield (1980) reported significantly higher VI of rescue hay by Bx D than by D ewes, while intakes by B ewes were b'CMeans in same row without a common letter in their superscripts differ (P<.05).
TABI.E 2. LEAST-SQUARES MEANS AND STANDARD ERRORS FOR VOLUNTARY INTAKE, GAIN, DIGESTIBILITY, PASSAGE PARAMETERS AND GASTROINTESTINAL TRACT (GIT) FILL OF BARBADOS BLACKBELLY (B), DORSET (D) AND BX D RAMS FED COASTAL BERMUDA GRASS PELLETS (TRIAL 1)
d'eMeans in same row without a common letter in their superscripts differ (P<.10).
fDry matter basis. similar to those by Bx D and D ewes. When alfalfa hay or a mixture of fescue hay and corn stover was fed to these ewes, VI did not vary significantly among breeds but tended to be higher for the Bx D ewes. Other data comparing the intake and performance of these breeds of sheep were not found in the literature. Some studies with cattle have shown that zebu or zebu crosses have higher VI of roughages than European breeds of cattle (Howes et al., 1963; Vercoe, 1966 ; Karue et al., 1972) , while others have found intakes to be higher for European cattle (Ledger et al., 1970) .
Rate of Passage and GIT Fill. Data on rate of passage and GIT fill for trials 1 and 2 are presented in tables 2 and 3, respectively. These data are interpreted to show that important physiological differences exist between B, D and Bx D breed groups. Results from trial 1 (pellets) indicated a faster rate of passage (P<.05), a shorter total MRT (P<.05) and RRT (P<.05) and a smaller GIT fill (P<.10) for B• than B rams. Values for D rams were intermediate. In trial 2 (hay), MRT was shorter (P<.05) for B• than B rams. There was a tendency for rate of passage to be faster (P<.14) and RRT shorter (P<.12) for Bx D than B rams.
Similar data comparing these breed groups of sheep were not found in the literature. Phillips et al. (1960) suggested a shorter ruminal retention time for zebu than European cattle, and Hungate et al. (1960) concluded that fermentation rate of zebu cattle was greater than for European breeds. Therefore, the slower rate of passage observed for the B rams was initially surprising because this breed of sheep originated under climatic conditions similar to zebu cattle. A possible physiological explanation for the differences in rate of passage between B, D and B• D breed groups is provided by Ross et al. (1985) , who reported significantly lower serum thyroxine concentrations in B than in D or BxD ewes. Because thyroxine levels have been positively correlated with rate of passage in ruminants (Miller et al., 1974; Westra and Christopherson, 1976) , the slower rate of passage in B rams is compatible with the low thyroxine values reported by Ross et al. (1985) . The fact that B• D ewes had the highest thyroxine levels could also help explain the faster rates of passage in B• D rams. The greater GIT fill of the B rams is consistent with Brasfield (1980) combined data for three roughages fed to B, D and Bx D ewes and reported that digestion coefficients for DM, NDF and CP were significantly higher for Bx D and D ewes than for B ewes. In contrast, apparent digestibility of DM, NDF and CP did not differ significantly between B or D breed groups in the present study.
Results of studies involving cattle showed that zebu or zebu crosses had significantly higher apparent digestibility coefficients for CP than did European breeds (Ashton, 1962; Howes et al., 1963; Vercoe, 1966) .
Faster rates of passage and shorter RRT generally result in decreased digestibility of a given forage (Mertens and Ely, 1979) . Regardless of their faster passage rates and shorter RRT, the Bx D rams were equal to, or greater than, the B and D rams in apparent digestibility of DM, NDF and CP. While these results were not expected and difficult to rationalize, the IVDMD data (table 4) provided a logical explanation. The extent of digestion plateaued around 24 h for both forages. Therefore, the longer RRT of the B rams (37 h) did not result in higher in vivo digestibility of the forages fed. Once the total extent of digestion has occurred, longer RRT would not be expected to result in increased digestibility. The ability of the crossbred to move digesta through the GIT at a faster rate and still demonstrate relative efficiency of digestion could prove to be most beneficial, particularly when feeding forages that have a faster rate of digestion. In such a situation, intake would not be so limited by the amount of nondigested residue present in the rumen (Blaxter et al., 1956) . Likewise, when feeding forages that have a slower rate of 
